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Provide a substrate having a conductive
structure formed thereon and a first dielectric |~ 200
ayer formed around the conductive structure

rorm a second dielectric layer over the first | 9p9
dielectric layer

Form an opening in the second dielectric layer,
wnerein the opening exposes the conductive ~ 204
structure

Y

Form ¢ botiom elecirode over the second

dielectric layer, wherein the bottom electrode  (~ 206
fills in the opening

rorm a magnetic tunnel junction layer over

the bottom electrode, wherein the magnetic ~ 208
tunnel junction layer fills in the opening

rorm a top electrode over the magnetic tunnel
junction layer, wherein the top electrode fills in |~ 210

the opening

orm a conductive layer over the top electrode, | 219
wherein the conductive layer fills in the opening |
Perform ¢ planarization step until a surface of 914
the second dielectric layer is exposed

F1G. 2
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tormed thereon and a first dielectr

rormed around the bottom electrode
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rorm a second dielectric layer over the first
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Form an opening In the second diel
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wherein the opening exposes the bottom electrode

Y

~ 304

second dielectric layer, wherein the
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magnetic

tunnel junction layer fills in the opening
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the opening
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MRAM DEVICES AND METHODS OF
FORMING THE SAME

BACKGROUND

Semiconductor memories are used in integrated circuits
for electronic applications, including radios, televisions, cell
phones, and personal computing devices, as examples. One
type of semiconductor memory device involves spin elec-
tronics, which combines semiconductor technology and
magnetic materials and devices. The spins of electrons,
through their magnetic moments, rather than the charge of
the electrons, are used to indicate a bit.

One such spin electronic device 1s magnetoresistive ran-
dom access memory (MRAM) array, which includes con-
ductive lines (word lines and bit lines) positioned in different
directions, e.g., perpendicular to each other in different
metal layers. The conductive lines sandwich a magnetic
tunnel junction (MTJ), which functions as a magnetic
memory cell. Various techniques directed at configurations
and materials of MRAMSs have been implemented to try and
turther improve device performance.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the present disclosure are best understood from
the following detailed description when read with the
accompanying figures. It 1s noted that, 1n accordance with
the standard practice 1n the industry, various features are not
drawn to scale. In fact, the critical dimensions of the various
features may be arbitrarily increased or reduced for clarity of
discussion.

FIG. 1A to FIG. 1E are schematic cross-sectional views of
a method of forming a MRAM device 1n accordance with
some embodiments.

FIG. 2 1s a flow chart of a method of forming a MRAM
device 1n accordance with some embodiments.

FIG. 3 to FIG. 4 are schematic cross-sectional views of
MRAM devices 1n accordance with alternative embodi-
ments.

FIG. 5A to FIG. 5E are schematic cross-sectional views of
MRAM devices in accordance with yet alternative embodi-
ments.

FIG. 6 1s a flow chart of a method of forming a MRAM
device 1n accordance with yet alternative embodiments.

FIG. 7 to FIG. 8 are schematic cross-sectional views of
MRAM devices 1n accordance with still alternative embodi-
ments.

DETAILED DESCRIPTION

The following disclosure provides many different
embodiments, or examples, for implementing diflerent fea-
tures of the provided subject matter. Specific examples of
components and arrangements are described below to sim-
plify the present disclosure. These are, of course, merely
examples and are not intended to be limiting. For example,
the formation of a second feature over or on a {irst feature
in the description that follows may include embodiments 1n
which the second and first features are formed in direct
contact, and may also mclude embodiments in which addi-
tional features may be formed between the second and first
teatures, such that the second and first features may not be
in direct contact. In addition, the present disclosure may
repeat reference numerals and/or letters in the various
examples. This repetition 1s for the purpose of simplicity and
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2

clarity and does not 1n 1itself dictate a relationship between
the various embodiments and/or configurations discussed.

Further, spatially relative terms, such as “beneath”,
“below™, “lower”, “on”, “over’, “overlying”, “above”,
“upper” and the like, may be used herein for ease of
description to describe one element or feature’s relationship
to another element(s) or feature(s) as illustrated 1n the
figures. The spatially relative terms are mtended to encom-
pass diflerent orientations of the device 1n use or operation
in addition to the orientation depicted in the figures. The
apparatus may be otherwise oriented (rotated 90 degrees or
at other orientations) and the spatially relative descriptors
used herein may likewise be mterpreted accordingly.

FIG. 1A to FIG. 1E are schematic cross-sectional views of
a method of forming a MRAM device 1n accordance with
some embodiments. FIG. 2 1s a flow chart of a method of
forming a MRAM device 1n accordance with some embodi-
ments. It 1s noted that additional process steps may be
provided before, during, or after the steps of FIG. 2. Various
figures have been simplified for a better understanding of the
inventive concepts of the present disclosure.

Referring to FIG. 1A and FIG. 2, in step 200, a substrate
100 1s provided with a conductive structure 104 formed
thereon and a first dielectric layer 102 formed around the
conductive structure 104.

In some embodiments, the substrate 100 includes an
clementary semiconductor such as silicon or germanium
and/or a compound semiconductor such as silicon germa-
nium, silicon carbide, galllum arsenic, indium arsenide,
gallium nitride or indium phosphide. In some embodiments,
the substrate 100 1s a semiconductor-on-insulator (SOI)
substrate. In various embodiments, the substrate 100 may
take the form of a planar substrate, a substrate with multiple
fins, nanowires, or other forms known to people having
ordinary skill in the art. In some embodiments, various
layers and/or device structures are formed over or in the
substrate 100. Such layers include dielectric layers, doped
layers, polysilicon layers, metal layers or combinations
thereof. Such device structures include transistors, resistors,
and/or capacitors, which may be mterconnected through an
interconnect layer to additional integrated circuits.

In some embodiments, the conductive structure 104 1s a
metal line embedded 1n the first dielectric layer 102. In
alternative embodiments, the conductive structure 104 1s a
metal plug (or called “metal via”) formed through the first
dielectric layer 102. In yet alternative embodiments, the
conductive structure 104 1s a metal gate or a polysilicon gate
surrounded by the first dielectric layer 102. In still alterna-
tive embodiments, the conductive structure 104 includes at
least one of a metal line, a metal plug, a metal gate, a
polysilicon gate, a silicide layer and a doped layer.

In some embodiments, the conductive structure 104
includes Al, Cu, Mo, Ti, TiN, Ta, TaN, W, WN, NiS1, CoSi1
or a combination thereof. In some embodiments, the first
dielectric layer 102 1ncludes silicon oxide, fluorinated silica
glass (FSG), carbon doped silicon oxide, silicon nitride,
silicon oxynitride, tetra-ethyl-ortho-silicate (TEOS) oxide,
phosphosilicate glass (PSG), borophosphosilicate glass
(BPSG), Black Diamond® (Applied Materials of Santa
Clara, Calif.), amorphous fluorinated carbon, a low-k dielec-
tric material having a dielectric constant less than about 4 or
a combination thereof.

In some embodiments, the conductive structure 104 i1s
formed after the formation of the first dielectric layer 102. In
alternative embodiments, the conductive structure 104 1s
tformed prior to the formation of the first dielectric layer 102.
The method of forming the conductive structure 104 and the
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first dielectric layer 102 includes performing suitable pro-
cess steps, including deposition, lithography patterning,
doping, implanting, and/or etching.

Continue referring to FIG. 1A and FIG. 2, 1n step 202, a
second dielectric layer 112 1s formed over the first dielectric 5
layer 102. In some embodiments, the second dielectric layer
112 has a material the same as that of the first dielectric layer
102. In alternative embodiments, the second dielectric layer
112 has a matenial different from that of the first dielectric
layer 102. In some embodiments, the second dielectric layer 10
112 includes, from bottom to top, an optional etching stop
layer 106, an interlayer 108 and an optional polishing stop
layer 110.

The etching stop layer 106 1s optionally formed over the
conductive structure 104 and the first dielectric layer 102. 15
The etching stop layer 106 i1s configured to prevent the
adjacent element (e.g., conductive structure 104) from being
damaged during the subsequent etching step of defimng the
opening. In some embodiments, the etching stop layer 106

includes a dielectric material such as SiN, S1C, S1CN, S1iON, 20
S1CON or a combination thereof, and the forming method

thereol 1ncludes performing a suitable deposition process,
such as chemical vapor deposition (CVD), atomic layer
deposition (ALD), plasma enhanced CVD (PECVD) or the
like. 25

The interlayer 108 1s formed over the etching stop layer
106. The interlayer 108 mncludes silicon oxide, FSG, carbon
doped silicon oxide, silicon nitride, silicon oxynitride,
TEOS oxide, PSG, BPSG, Black Diamond® (Applied Mate-
rials of Santa Clara, Calif.), amorphous fluorinated carbon, 30
a low-k dielectric material having a dielectric constant less
than about 4 or a combination thereof, and the forming
method thereof includes performing a suitable technique,
such as CVD, ALD, high density plasma CVD (HDPCVD),
spinning coating or the like. 35

The polishing stop layer 110 1s optionally formed over the
interlayer 108. The polishing stop layer 110 1s configured to
prevent the adjacent element (e.g., interlayer 108) from
being damaged during the subsequent polishing step. In
some embodiments, the polishing stop layer 110 includes a 40
dielectric material such as SiN, S1C, S1CN, S1ON, S1CON or
a combination thereof, and the forming method thereof
includes performing a suitable deposition process, such as
CVD, ALD, PECVD or the like.

Referring to FIG. 1B and FIG. 2, 1n step 204, an opening 45
114 1s formed 1n the second dielectric layer 112. In some
embodiments, the opening 114 penetrates through the sec-
ond dielectric layer 112 and exposes at least a portion of the
conductive structure 104. During the formation stage for the
opening 114, the etching stop layer 106 has an etching 50
resistance higher than that of the interlayer 108 or the
polishing stop layer 110, so the etching stop layer 116
prevents the etching process from going down to the dielec-
tric layers 102 and the conductive structure 104. In the step
of forming the opeming 114, the second dielectric layer 112 55
1s partially removed to form a second dielectric layer 112a
including, from bottom to top, an optional etching stop layer
1064, an interlayer 1084 and an optional polishing stop layer
110a. In some embodiments, the width of the opening 114 1s
smaller than the width of the conductive structure 104. In 60
some embodiments, the opening 114 1s a contact opening, a
via opening, a conductive line trench or a damascene open-
ing. In some embodiments, the opening 114 1s formed by a
suitable process, such as photolithography etching pro-
Cesses. 65

Referring to FIG. 1C and FIG. 2, 1n step 206, a bottom

clectrode 113 1s formed over the second dielectric layer 112a

4

and fills in the opening 114. In some embodiments, the
bottom electrode 113 1s conformally formed on the top
surface of the second dielectric layer 112a and on the
sidewall and bottom of the opening 114. In some embodi-
ments, the bottom electrode 1s 1n physical contact with the
conductive structure 104. In alternative embodiments, the
bottom electrode 1s electrically connected to the conductive
structure 104 through one or more conductive elements. In
some embodiments, the bottom electrode 113 includes Pt,
Al, Cu, AlCu, Au, T1, TiN, Ta, TaN, W, WN or a combination
thereof, and 1s formed by a suitable technique such as
clectroless plating, sputtering, electro plating, PVD, CVD,
ALD or the like. In some embodiments, when the conduc-
tive structure 104 and the bottom electrode 113 are made by
different materials, an optional barnier layer s formed
between the conductive structure 104 and the bottom elec-
trode 113. The barrier layer prevents diflusion between the
conductive structure 104 and the bottom electrode 113
and/or any junction spiking. In some embodiments, the
barrier layer includes at least one of TiN, Ti, Ta, TaN, W and
WN, and 1s formed by a suitable technique such as electro-
less plating, sputtering, electro plating, PVD, CVD, ALD or
the like.

Continue referring to FIG. 1C and FIG. 2, 1n step 208, a
magnetic tunnel junction (MT1) layer 122 1s formed over the
bottom electrode 113 and fills 1n the opening 114. In some
embodiments, the MTJ laver 122 1s conformally formed on
the surface of the top electrode 113 outside and inside the
opening 114. In some embodiments, the MTJ layer 122 has
a resistivity capable of switching between a high resistance
state and a low resistance state (or conductive), by applica-
tion of an electrical voltage.

In some embodiments, the MTJ layer 122 includes a
high-k dielectric material having a dielectric constant greater
than about 8, a binary metal oxide, a transition metal oxide
or a combination thereof. In some embodiments, the MTJ
layer 122 includes a fixed layer 116, a free layer 120 and a
tunnel layer 118 between the fixed layer 116 and the free
layer 120. In some embodiments, the fixed layer 116 1s 1n
physical contact with the bottom electrode 113.

The fixed layer 116 and the free layer 120 form two
ferromagnetic plates, each of which can hold a magnetic
field, separated by the tunnel layer 118. The fixed layer 116
has a fixed magnetic polarity, and the free layer 120 has a
changeable magnetic polarity to match an external field to
store data. Due to a magnetic tunnel eflect, the electrical
resistance of the MTIJ layer 122 changes based on the
orientation of the magnetic fields 1n the two plates, 1.e., the
fixed layer 116 and the free layer 120. The MTJ layer 122
has lower resistance if the two plates have the same polarity
and higher resistance 1f the two plates are of opposite
polarity 1n some embodiments.

In some embodiments, the fixed layer 116 includes a
synthetic anti-ferromagnetic (SAF) structure. In some
embodiments, the fixed layer 116 includes a top pinned layer
in physical contact with the tunnel layer 118, a bottom
pinned layer and a metal layer between the top pinned layer
and the bottom pinned layer. For example, each of the top
pinned layer and the bottom pinned layer includes CoFeB,
NiFe, CoFe, Fe or a suitable material, and the metal layer
includes Ru, Cu, Ta or a suitable material. In some embodi-
ments, the tunnel layer 118 includes MgO, Al,O, or a
suitable material. In some embodiments, the free layer 120
includes a magnetic material, such as CoFeB, NiFe, CoFe,
Fe or a suitable material. In some embodiments, the MTJ
layer 122 can be manufactured with a suitable techmque,
such as magnetron sputter deposition, molecular beam epi-
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taxy, pulsed laser deposition, electron beam physical vapor
deposition, CVD, ALD or a suitable method.

Still referring to FIG. 1C and FIG. 2, 1 step 210, a top
clectrode 123 1s formed over the MTJ layer 122 and fills 1n
the opening 114. In some embodiments, the top electrode
123 1s conformally formed on the surface of the MTJ layer
122 outside and inside the opening 114. In some embodi-
ments, the top electrode 123 has a material the same as that
of the bottom electrode 113. In alternative embodiments, the
top electrode 123 has a material different from that of the
bottom electrode 113. In some embodiments, the top elec-
trode 123 includes Pt, Al, Cu, AlCu, Au, Ti, TiN, Ta, TaN,
W, WN or a combination thereot, and 1s formed by a suitable
technique such as electroless plating, sputtering, electro
plating, PVD, CVD, ALD or the like.

Continue referring to FIG. 1C and FIG. 2, 1n step 212, a

conductive layer 124 1s formed over the top electrode 123
and fills 1n the opening 114. In some embodiments, the
conductive layer 124 1s formed on the surface of the top
clectrode 123 and fills up the opening 114. In some embodi-
ments, the conductive layer 124 includes Al, Cu, Mo, Ti,
TiN, Ta, TaN, W, WN or a combination thereof, and is
formed by suitable technique such as electroless plating,
sputtering, electro plating, PVD, CVD, ALD or the like. In
some embodiments, the conductive layer 124 has a material
the same as that of the conductive structure 104. In alter-
native embodiments, the conductive layer 124 has a material
different from that of the conductive structure 104.
In some embodiments, when the conductive layer 124 and
the top electrode 123 are made by diflerent materials, an
optional barrier layer 1s formed between the conductive
layer 124 and the top electrode 123. The barrier layer
prevents diflusion between the conductive layer 124 and the
top electrode 123 and/or any junction spiking. In some
embodiments, the barrier layer includes at least one of TiN,
T1, Ta, TaN, W and WN, and 1s formed by a suitable
technique such as electroless plating, sputtering, electro
plating, PVD, CVD, ALD or the like.

Referring to FIG. 1D, FIG. 1E and FIG. 2, 1n step 214, a
planarization step 1s performed until a surface of the second
dielectric layer 112a/11256 1s exposed. In some embodi-
ments, the conductive layer 124, the top electrode 123, the
MTIJ layer 122, the bottom electrode 113 outside of the
opening 114 are removed. Specifically, the conductive layer
124, the top electrode 123, the MT1J layer 122 and the bottom
clectrode 113 are partially removed to form a conductive
layer 124a, a top electrode 123a, a MT1 layer 122a (includ-

ing a fixed layer 116a, a free layer 120aq and a tunnel layer
118a between the fixed layer 116a and the free layer 120a)
and a bottom electrode 1134 1nside the opening 114. In some
embodiments, the planarization step includes performing a
chemical mechanical polishing (CMP) process by using the
polishing stop layer 110a as a stop layer. The polishing stop
layer 110a has a polishing resistance higher than that of the
conductive layer 124, the top electrode 123, the MT1 layer
122 or the bottom electrode 113 during the planarization
step. The polishing stop layver 110a prevents the planariza-
tion step from going down to the film stack inside the
opening 114.

In some embodiments, the planarization step stops on the
surface of the polishing stop layer 110q, as shown in FIG.
1D. A MRAM device 10 of the present disclosure 1s thus
completed. In some embodiments, the MRAM device 10 has
a resistance variable memory cell 105 constituted by the
bottom electrode 113a, the MTIJ layer 122a and the top
clectrode 123q and embedded 1n the second dielectric layer

112a.
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In alternative embodiments, upon the process require-
ments, the planarization step removes the polishing stop
layer 110a and stops on the surface of the interlayer 108a,
as shown i FIG. 1E. A MRAM device 20 of the present
disclosure 1s thus completed. In some embodiments, the
MRAM device 20 has a resistance variable memory cell 105
constituted by the bottom electrode 113a, the MTJ layer
122a and the top electrode 123a and embedded in the second
dielectric layer 112b.

In the above embodiments in which the width of the
opening 114 1s smaller than the width of the conductive
structure 104, but the disclosure 1s not limited thereto. In
alternative embodiments, the width of the opening 114 1s
substantially equal to the width of the conductive structure

104, as shown 1n FIG. 3. A MRAM device 30 of the present

disclosure 1s thus completed. In some cases, the sidewall of
the conductive structure 104 1s aligned with the sidewall of
the opening 114.

In yet alternative embodiment, the width of the opening
114 1s greater than the width of the conductive structure 104.
A MRAM device 40 of the present disclosure 1s thus

completed.

Various MRAM devices of the present disclosure are
provided with improved characteristics. Specifically, 1n the
conventional method, multiple etching steps are required for
patterning the bottom electrode, the MTJ layer and the top
clectrode, and such etching steps lead to long exposure
period 1n plasma environments and therefore deteriorate the
performance of the device. However, the resistance variable
memory cell of the disclosure 1s formed by multiple filling
steps (e.g., steps 206-210) followed by a single planarization
step (e.g., step 214), without any conventional etching step.
This disclosure eliminates drawbacks 1n the conventional
method such as etching damage to the MT1J layer. Without
etching damages 1n the MT1 layer, a possible leakage current
in the MRAM device 1s reduced, and the performance of the
device 1s accordingly boosted.

The structures of the MRAM devices of the disclosure are
illustrated below with reference to FIG. 1D, FIG. 1E, FIG.
3 and FIG. 4.

In some embodiments, the present disclosure provides a
MRAM device 10/20/30/40 which includes a substrate 100,
a first dielectric layer 102, a conductive structure 104, a
resistance variable memory cell 105, a second dielectric
layer 112a/1125 and a conductive layer 124a. The conduc-
tive structure 104 1s over a substrate 100 and embedded n
the first dielectric layer 102. In some embodiments, the
conductive structure 104 includes at least one of a metal line,
a metal plug, a metal gate, a polysilicon gate, a silicide layer
and a doped layer.

The second dielectric layer 1124/112b 1s over the sub-
strate 100 and has an opening 114 that exposes the conduc-
tive structure 104. In some embodiments, the width of the
opening 114 1s smaller than the width of the conductive
structure 104, as shown 1n FIG. 1D and FIG. 1E. In
alternative embodiments, the width of the opening 114 1is
substantially equal to the width of the conductive structure
104, as shown in FIG. 3. In yet alternative embodiments, the
width of the opening 114 is greater than the width of the
conductive structure 104, as shown in FIG. 4.

In some embodiments, the second dielectric layer 112a
includes an etching stop layer 1064, an interlayer 108a over
the etching stop layer 1064, and a polishing stop layer 110a
over the iterlayer over 108a, as shown in FIG. 1D. In
alternative embodiments, the second dielectric layer 11256
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includes an etching stop layer 106a and an mterlayer 108a
over the etching stop layer 1064, as shown i FIG. 1E, FIG.
3 and FIG. 4.

The conductive layer 124a 1s 1n the opeming 114. In some
embodiments, the top surface of the conductive layer 124a
1s substantially coplanar with the top surface of the second
dielectric layer 112a/1125.

The resistance variable memory cell 1035 1s between the
conductive layer 124q and the conductive structure 104 and
between the conductive layer 124a and the second dielectric
layer 112a4/1125b. In some embodiments, resistance variable
memory cell 105 1s 1 physical contact with each of the
conductive structure 104 and the conductive layer 124a. In
some embodiments, the resistance variable memory cell 105
includes a bottom electrode 113a, a top electrode 123a and
a MTJ layer 122a between the bottom electrode 1134 and the
top electrode 123a. In some embodiments, the MTJ layer
122a includes a fixed layer 1164, a free layer 120a, and a
tunnel layer 118a between the fixed layer 1164 and the free
layer 120aq, the fixed layer 116a has a fixed magnetic
polarity, and the free layer 120a has a changeable magnetic
polarity.

In some embodiments, 1n the resistance variable memory
cell 105, the bottom electrode 1134 1s on the sidewall and the
bottom of the opening 114, the top electrode 1234 1s on the
same sidewall and the bottom of the opening 114, and the
MTIJ layer 122a 1s between the bottom electrode 113a and
the top electrode 123a. Specifically, each of the bottom
clectrode 113a, the MTJ layer 122a and the top electrode
123a 1s formed 1n a U-shape.

The present disclosure further provides a MRAM device
10/20/30/40 including a substrate 100, a dielectric layer
(e.g., second dielectric layer 112a/1125), a resistance vari-
able memory cell 105 and a conductive layer 124a. The
dielectric layer (e.g., second dielectric layer 112a/1125b) 1s
over the substrate 100 and has an opening 114 therein. The
resistance variable memory cell 105 1s 1n the opening 114
and includes a first electrode (e.g., bottom electrode 113a),
a second electrode (e.g., top electrode 123a) and a M1 layer
122a between the first electrode and the second electrode.
The conductive layer 124aq fills a remaining portion of the
opening 114 and 1s electrically connected to one of the first
clectrode (e.g., bottom electrode 113a) and the second
clectrode (e.g., top electrode 123a) of the resistance variable
memory cell 105, Besides, the other of the first electrode
(e.g., bottom electrode 113a) and the second electrode (e.g.,
top electrode 123a) of the resistance variable memory cell
105 1s electrically connected to a conductive structure 104
below the dielectric layer (e.g., second dielectric layer
1124/112b). In some embodiments, the second electrode
(e.g., top electrode 123a) of the resistance variable memory
cell 105 1s electrically connected to the conductive layer
124a within the opening 114, and the first electrode (e.g.,
bottom electrode 113a) of the resistance variable memory
cell 105 1s electrically connected to the conductive structure
104 below the opening 114.

The above embodiments 1n which each of the bottom
clectrode 113a, the MTJ layer 122a and the top electrode
123a 1s formed with a U-shape 1n the same opening 114 are
provided for illustration purposes, and are not construed as
limiting the present disclosure. That 1s, each of the bottom
clectrode, the MTJ layer and the top electrode 1s not nec-
essary to be a U-shape and 1ts shape can be adjusted as
needed. Specifically, each of the bottom electrode, the MTJ
layer and the top electrode can be formed with a suitable
shape, such as an I-shape, an L-shape, a V-shape, a step-
shaped or the like upon the process requirements. For
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example, the bottom electrode can be formed 1n a horizontal
I-shape and merely disposed on the bottom of the opening,
while the M1 layer and the top electrode can be formed in
a U-shape and disposed on the sidewall and bottom of the
opening.

People having ordinary skill in the art should be appre-
ciated that, a resistance variable memory cell 1s contem-
plated as falling within the spirit and scope of the present
disclosure as long as this resistance variable memory cell 1s
formed 1n an opening and one electrode thereof 1s electr-
cally connected to or in physical contact with a conductive
wire 1n the same opening. In some embodiments, such
resistance variable memory cell can be formed by multiple
filling steps followed by a single planarization step, without
any conventional etching step which may damage the
device. Therefore, the performance of the MRAM device
can be accordingly improved.

In the above embodiments, the bottom electrode, the MTJ
layer and the top electrode of the resistance variable memory
cell are formed 1n the same opening without additional
patterning steps, so the resistance variable memory cell of
the disclosure 1s regarded as a self-aligned memory cell. The
process steps are thus simplified and the process cost 1s
therefore saved.

In some embodiments, the steps of forming the bottom
clectrode and the top electrode can be omitted from the
method of FIG. 1A to FIG. 1E. In such case, the conductive
structure 104 can serve as a bottom electrode and the

conductive layer 124a can serve as a top electrode. The
method of FIG. SA to FIG. SE 1s similar to the method of

FIG. 1A to FIG. 1E, so the difference 1s illustrated in details
below and the similarity 1s not iterated herein.

FIG. 5Ato FIG. 5E are schematic cross-sectional views of
MRAM devices in accordance with yet alternative embodi-
ments. FIG. 6 1s a flow chart of a method of forming a
MRAM device 1n accordance with yet alternative embodi-
ments. FIG. 7 to FIG. 8 are schematic cross-sectional views
of MRAM devices in accordance with still alternative
embodiments. It 1s noted that additional process steps may
be provided before, during, or after the steps of FIG. 6.
Various figures have been simplified for a better understand-
ing of the mventive concepts of the present disclosure.

Referring to FIG. 5A and FIG. 6, in step 300, a substrate
100 1s provided with a bottom electrode (e.g., conductive
structure 104) formed thereon and a first dielectric layer 102
formed around the bottom electrode.

Continue referring to FIG. 5A and FIG. 6, 1n step 302, a
second dielectric layer 112 1s formed over the first dielectric
layer 102. In some embodiments, the second dielectric layer
112 includes, from bottom to top, an optional etching stop
layer 106, an interlayer 108 and an optional polishing stop
layer 110.

Referring to FIG. 5B and FIG. 6, 1n step 304, an opening,
114 1s formed 1n the second dielectric layer 112 and therefore
exposes the bottom electrode (e.g., conductive structure
104). In some embodiments, the opeming 114 penetrates
through the second dielectric layer 112 and exposes at least
a portion of the bottom electrode (e.g., conductive structure
104). Specifically, the second dielectric layer 112 1s partially
removed to form a second dielectric layer 112a including,
from bottom to top, an optional etching stop layer 1064, an
interlayer 108a and an optional polishing stop layer 110a.

Referring to FIG. 5C and FIG. 6, 1n step 306, a MT1 layer
122 1s formed over the second dielectric layer 112 and fills
in the opening 114. In some embodiments, the MTJ layer
122 1s conformally formed on the top surface of the second
dielectric layer 112a and on the sidewall and bottom of the
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opening 114. In some embodiments, the MT1J layer 122 1s 1n
physical contact with the bottom electrode (e.g., conductive
structure 104). In some embodiments, the MTJ layer 122

includes a fixed layer 116, a free layer 120 and a tunnel layer
118 between the fixed layer 116 and the free layer 120.
Continue referring to FIG. 5C and FIG. 6, in step 308, a
top electrode (e.g., conductive layer 124) 1s formed over the
MTIJ layer 122 and fills in the opening 114. In some
embodiments, the top electrode (e.g., conductive layer 124)

fills up the opening 114.
Referring to FIG. 5D, FIG. 5E and FIG. 6, 1n step 310, a

planarization step 1s performed until a surface of the second
dielectric layer 112a/112b6 1s exposed. In some embodi-
ments, the top electrode (e.g., conductive layer 124) and the
MTIJ layer 122 outside of the opening 114 are removed.
Specifically, the top electrode (e.g., conductive layer 124)
and the M'TJ layer 122 are partially removed to form a top
clectrode (e.g., conductive layer 124a) and a MTJ layer 122a
(including a fixed layer 116a, a free layer 120q and a tunnel
layer 118a between the fixed layer 116a and the free layer
120a) mnside the opening 114. In some embodiments, the
planarization step includes performing a CMP process by
using the polishing stop layer 110a as a stop layer.

In some embodiments, the planarization step stops on the
surface of the polishing stop layer 110a, as shown 1n FIG.
5D. A MRAM device 50 of the present disclosure 1s thus
completed. In some embodiments, the MRAM device 50 has
a resistance variable memory cell 107 constituted by the
bottom electrode (e.g., conductive structure 104), the MTJ
layer 122a and the top clectrode (e.g., conductive layer
124a) and embedded 1n the second dielectric layer 112a.

In alternative embodiments, upon the process require-
ments, the planarization step removes the polishing stop
layer 110a and stops on the surface of the interlayer 108a,
as shown 1 FIG. 5E. A MRAM device 60 of the present
disclosure 1s thus completed. In some embodiments, the
MRAM device 60 has a resistance variable memory cell 107
constituted by the bottom electrode (e.g., conductive struc-
ture 104), the MTJ layer 122a and the top electrode (e.g.,
conductive layer 124a) and embedded 1n the second dielec-
tric layer 112b.

In the above embodiments 1n which the width of the
opening 114 1s smaller than the width of the bottom elec-
trode (e.g., conductive structure 104), but the disclosure 1s
not limited thereto. In alternative embodiments, the width of
the opening 114 1s substantially equal to the width of the
bottom electrode (e.g., conductive structure 104), as shown
in FIG. 7. A MRAM device 70 of the present disclosure 1s
thus completed. In some cases, the sidewall of the bottom
clectrode (e.g., conductive structure 104) 1s aligned with the
sidewall of the opening 114.

In yet alternative embodiment, the width of the opening
114 1s greater than the width of the bottom electrode (e.g.,
conductive structure 104), as shown in FIG. 8. A MRAM
device 80 of the present disclosure 1s thus completed.

In the process of forming the resistance variable memory
cell 107, the bottom electrode (e.g., conductive structure
104) can be manufactured with the step of forming a metal
line, a metal plug, a metal gate, a polysilicon gate, a silicide
layer and/or a doped layer, and the top eclectrode (e.g.,
conductive layer 124a) can be manufactured with the step of
forming a metal line or a metal plug. That 1s, the process of
forming the resistance variable memory cell 107 can be
casily integrated with the existing logic or CMOS process,
so the process steps are thus simplified and the process cost
1s therefore saved.
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In accordance with some embodiments of the present
disclosure, a MRAM device includes a dielectric layer, a
resistance variable memory cell and a conductive layer. The
dielectric layer 1s over a substrate and has an opening. The
resistance variable memory cell 1s 1 the opening and
includes a first electrode, a second electrode and a M1 layer
between the first electrode and the second electrode. The
conductive layer fills a remaining portion of the opening and
1s electrically connected to one of the first electrode and the
second electrode of the resistance variable memory cell.

In accordance with alternative embodiments of the pres-
ent disclosure, a MRAM device includes a conductive
structure, a first dielectric layer, a second dielectric layer, a
conductive layer and a resistance variable memory cell. The
conductive structure 1s over a substrate and embedded 1n the
first dielectric layer. The second dielectric layer 1s over the
substrate and has an opeming that exposes the conductive
structure. The conductive layer 1s in the opening. The
resistance variable memory cell 1s located between the
conductive layer and the conductive structure and between
the conductive layer and the second dielectric layer and
includes a bottom electrode, a top electrode and a magnetic
tunnel junction layer between the bottom electrode and the
top electrode.

In accordance with yet alternative embodiments of the
present disclosure a method of forming a MRAM device
including the following steps. Providing 1s a substrate hav-
ing a conductive structure formed thereon and a first dielec-
tric layer formed around the conductive structure. A second
dielectric layer 1s formed over the first dielectric layer. An
opening 1s formed in the second dielectric layer, wherein the
opening exposes the conductive structure. A bottom elec-
trode 1s formed over the second dielectric layer and fills 1n
the opening. A magnetic tunnel junction layer 1s formed over
the bottom electrode and fills 1n the opening. A top electrode
1s formed over the magnetic tunnel junction layer and fills 1n
the opening. A conductive layer 1s formed over the top
clectrode and fills 1n the opening. A planarization step 1s
performed until a surface of the second dielectric layer 1s
exposed.

The foregoing outlines features of several embodiments
so that those skilled in the art may better understand the
aspects of the present disclosure. Those skilled in the art
should appreciate that they may readily use the present
disclosure as a basis for designing or modifying other
processes and structures for carrying out the same purposes
and/or achieving the same advantages of the embodiments
introduced herein. Those skilled 1n the art should also realize
that such equivalent constructions do not depart from the
spirit and scope of the present disclosure, and that they may
make various changes, substitutions, and alterations herein
without departing from the spirit and scope of the present
disclosure.

What 1s claimed 1s:
1. A magnetoresistive random access memory (MRAM)
device, comprising:

a dielectric layer over a substrate and having an opening;

a resistance variable memory cell 1n the opening and
comprising a first electrode, a second electrode and a
magnetic tunnel junction layer between the first elec-
trode and the second electrode; and

a conductive layer, filling a remaining portion of the
opening and electrically connected to one of the first
clectrode and the second electrode of the resistance
variable memory cell,
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wherein at least one of the first electrode, the magnetic
tunnel junction layer and the second electrode has a
U-shape 1n cross-section,

wherein a top surface of the conductive layer 1s substan-
tially coplanar with a top surface of one of the first
electrode and the second electrode, and

wherein the dielectric layer comprises an etching stop

layer and an interlayer over the etching stop layer.

2. The MRAM device of claim 1, wherein a top surface
of the conductive layer 1s substantially coplanar with a top
surface of the dielectric layer.

3. The MRAM device of claim 1, wherein the resistance
variable memory cell comprises:

the first electrode on a sidewall and a bottom of the

opening;

the second electrode on the first electrode and i1n the

opening; and

the magnetic tunnel junction layer between the first elec-

trode and the second electrode.

4. The MRAM device of claim 1, wherein each of the first
clectrode and the second electrode comprises Pt, Al, Cu,
AlCu, Au, Ti, TiN, Ta, TaN, W, WN or a combination
thereof.

5. The MRAM device of claim 1, wherein the magnetic
tunnel junction layer comprises a fixed layer, a free layer and
a tunnel layer between the fixed layer and the free layer, the
fixed layer has a fixed magnetic polarity, and the free layer
has a changeable magnetic polarity.

6. The MRAM device of claim 1, wherein the other of the
first electrode and the second electrode of the resistance
variable memory cell 1s electrically connected to a conduc-
tive structure below the dielectric layer.

7. The MRAM device of claim 6, wherein a width of the
opening 1s smaller than a width of the conductive structure.

8. The MRAM device of claim 6, wherein a width of the
opening 1s substantially equal to a width of the conductive
structure.

9. The MRAM device of claim 6, wherein a width of the
opening 1s greater than a width of the conductive structure.

10. The MRAM device of claim 1, wherein the dielectric
layer turther comprises a polishing stop layer over the
interlayer.

11. A magnetoresistive random access memory (MRAM)
device, comprising:

a conductive structure over a substrate and embedded in

a first dielectric layer;

a second dielectric layer over the substrate and having an

opening that exposes the conductive structure;

a conductive layer in the opening; and

a resistance variable memory cell located between the

conductive layer and the conductive structure and
between the conductive layer and the second dielectric
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layer and comprising a bottom electrode, a top elec-
trode and a magnetic tunnel junction layer between the

bottom electrode and the top electrode,

wherein the conductive layer 1s physically separated from

the second dielectric layer.

12. The MRAM device of claim 11, wherein each of the
bottom electrode and the top electrode comprises Pt, Al, Cu,
AlCu, Au, Ti, TiN, Ta, TaN, W, WN or a combination
thereof.

13. The MRAM device of claim 11, wherein the magnetic
tunnel junction layer comprises a fixed layer, a free layer and
a tunnel layer between the fixed layer and the free layer, the

fixed layer has a fixed magnetic polarity, and the free layer
has a changeable magnetic polarity.

14. The MRAM device of claam 11, wherein the second
dielectric layer comprises an etching stop layer and an
interlayer over the etching stop layer.

15. The MRAM device of claam 11, wherein the second
dielectric layer comprises an etching stop layer, an interlayer
over the etching stop layer and a polishing stop layer over
the interlayer.

16. The MRAM device of claim 11, wherein the conduc-
tive structure comprises at least one of a metal line, a metal
plug, a metal gate, a polysilicon gate, a silicide layer and a
doped layer.

17. A method of forming a magnetoresistive random
access memory (MRAM) device, comprising:

providing a substrate having a conductive structure

formed thereon and a first dielectric layer formed
around the conductive structure:

forming a second dielectric layer over the first dielectric

layer;

forming an opening in the second dielectric layer, wherein

the opening exposes the conductive structure;
forming a bottom electrode over the second dielectric
layer, wherein the bottom electrode fills in the opening;
forming a magnetic tunnel junction layer over the bottom
clectrode, wherein the magnetic tunnel junction layer
fills 1n the opening;
forming a top electrode over the magnetic tunnel junction
layer, wherein the top electrode fills in the opening;
forming a conductive layer over the top -electrode,
wherein the conductive layer {fills 1n the opening; and
performing a planarization step until a surface of the
second dielectric layer 1s exposed, such that the con-
ductive layer 1s physically separated from the second
dielectric layer.

18. The method of claim 17, wherein the planarization
step comprises performing a chemical mechanical polishing
Process.
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